THE effects of dimethylnitrosamine (DMN) on the rabbit have been studied (Magee, 1962; Heath and Magee, 1962; Magee and Barnes, 1967 Barnes, 1967) .
tissue was fixed in 10% (v/v) neutral formol saline, processed to paraffin and sections stained with Ehrlich's haematoxylin and eosin. DMN was prepared by the method of Hatt (1946) .
Treatment of rabbits with dimethylnitrosamine
Male (950-1350 g.) and female (1050-1350 g.) rabbits were allocated to four groups and were fed diet containing DMN at the following concentrations 0 (control), 25, 50, 100 p.p.m. (parts per million), respectively (cf. Table I ). All rabbits were weighed at regular intervals. Rabbits given DMN 100 p.p.m. either lost weight or did not increase in body weight and all died within 6-8 weeks (Table II) ; most of those given 50 p.p.m. lost weight, and all but one of the treated males died within 10 weeks, females survived longer (Table II) ; those given 25 p.p.m. survived well, initially they gained weight at a slower rate than the controls and subsequently lost weight (Table II) . At post-mortem rabbits fed DMN 100 or 50 p.p.m. weighed much less than the control animals (Table II) . 
(g .)   1362  2315  918  924  1174  1232  974  1028  1130  894  966  2512  2120  2160  2946  2554  2028  2892  2402  2196  900  924  860  1134  1112  900  842  924  1198  1037  1181  1317  1616 Liver wt. In rabbits given IDMN 100 p.p.m. the livers were pale and slightly granular and abnormal in appearance, there were pale areas in the kidneys and in one male the pancreas was enlarged and white. In males given DMN 50 p.p.m. the livers were abnormal in shape, and had a rough and granular surface which in one case was dark and mottled with yellow patches. Females on this dose, relative to the controls, showed small livers, which were abnormal in shape and colour with a rough and in some cases nodular surface (Fig. 1) . In some rabbits on DMN 25 p.p.m. the livers were enlarged, in others they were smaller than normal and were grossly abnormal in shape, pale in colour, and the surfaces were rough and nodular ( Fig. 2 and 3) .
In most treated animals the spleens were pale, in one female the kidneys were enlarged, while in those given prolonged treatment with DMN the bones became brittle and weak, the blood was pale and less viscous than normal and in most cases clear or blood-stained fluid was present in the peritoneal cavity.
Changes in the microscopic appearance of organs
The livers of rabbits treated with DMN 100 p.p.m. and those surviving only short treatment (5-9 weeks) with 50 p.p.m. showed widespread patchy necrosis and fibrosis, in some cases tubular hyperplasia was extensive, liver-cell nuclei showed increased variability in size with an increased proportion of large nuclei (cf. Christie and Le Page, 1961) , there were some small regeneration nodules, and there was slight disorganization of the liver lobular architecture, the spleens were congested, but in histological appearance other organs were relatively normal. In rabbits treated for a longer period (13-23 weeks) with DMN 50 p.p.m. liver-cell nuclei showed greater variability in size with a further increase in the proportion of large nuclei, regeneration nodules were more numerous, there was extensive fibrosis particularly around the portal tracts and around regeneration nodules, the extent of tubular hyperplasia had increased and there were patches of necrosis in some areas, there was slight congestion and severe to complete disorganization of the lobular pattern ( Fig. 4 and 5). The spleen was congested and contained increased amounts of red and white pulp. The kidneys also were congested and contained patches of necrosis and fibrosis. In the livers of rabbits given DMN 25 p.p.m. for 17 weeks, liver cell nuclei showed a slight increase in variability with an increase in the proportion of large nuclei, there were some small regeneration nodules and some small areas of tubular hyperplasia; at later times (37-60 weeks) the proportion of enlarged nuclei was considerably increased, the number of regeneration nodules had also increased some being very large and many of the nodules were surrounded by fibrous tissue, tubular hyperplasia was extensive and there was gross disorganization of the lobular architecture ( Fig. 6 and 7) . In rabbits on this prolonged treatment, the spleen became slightly congested and showed an increased amount of red and white pulp.
Liver tumours induced in the rabbit by dimethylnitrosamine Four DMN-treated rabbits developed malignant tumours in the liver (Table  III) ; the tumours were of the liver-cell type.
One tumour was poorly differentiated (Fig. 8 and 10 ), the other three were better differentiated and showed some degree of tubule development ( Fig. 9 and  12 ). Metastatic spread from these tumours had occurred to the lungs in three Le Page and Christie.
VOl. XXIII, NO. 1. animals ( Fig. 11 and 13 ; Table III ). In two other rabbits extensive cholangiomas which did not appear malignant were present in the liver (Table III) . One animal bearing primary tumours in the liver with metastases in the lungs also had a primary well-differentiated tumour in one kidney (Table III) .
DISCUSSION
In the present study rabbits were found to be susceptible to the hepatotoxic effects of DMN administered in the diet. The effects of a variety of dosage levels were similar to those observed in rats (Christie and Le Page, 1965) , and developed in similar times but smaller dietary levels were required in rabbits than rats to produce a particular grade of lesion.
Christie and Le Page (1965) The distribution of the nodules characterizing the cirrhotic lesion was considered by Christie and Le Page (1965) , on histological grounds to be focal, and randomly distributed. They suggested that the development of nodules was more likely to be a clonal regenerative phenomenon rather than a selective systematic survival of areas favourably placed by reason of blood supply or other topographical feature. Similar conclusions were reached in the present work. Tubular hyperplasia (" bile duct hyperplasia") occurred only to a relatively slight degree in rabbits, as in rats treated with DMN. Bhathal (1965) , from an experimental study, concluded that such structures arise mainly by tubularization of hepatic cell laminae. The histological findings in the present work were compatible with this interpretation. Ferris (1938) Christie, 1968; Stewart and Snell, 1959) .
The findings of the present studies are compatible with those of Magee and Barnes (1956) , but show that a longer duration of treatment than they used is generally required to produce liver tumours in rabbits. The time for development of a tumour in a rabbit given DMN 50 p.p.m. (23 weeks) was similar to that previously found to be required to produce liver tumours in DMN-treated rats (Le Page, 1963) .
Malignant tumours have been induced in the rabbit by oral administration of diethylnitrosamine (DEN) a closely related dialkylnitrosamine (Rapp, Carleton, Crisler and Nadel, 1965; Schmahl and Thomas, 1965) . With DEN treatment the first liver tumour was observed after 28 weeks (Rapp et al., 1965) while in the present studies a liver tumour was observed in a rabbit given DMN for 23 weeks; in both instances tumours of " palpable size "were observed after 52 weeks or more of treatment. Most of the liver tumours induced in rabbits by DEN were of a mixed histological type (trabecular, adenocarcinomatous, sarcomatous and anaplastic patterns) and showed metastatic spread most often to the lungs but also involved many other sites (Rapp et al., 1965) .
Few experimental studies of liver carcinogenesis have been made with rabbits. In part this reluctance may be due to their susceptibility to infection by cocidia and other agents which affect the biliary tree. However, with adequate care these complications can be avoided. SUMMARY DMN was fed in the diet to three groups of male and female rabbits at concentrations of 25, 50 and 100 p.p.m. respectively, and macroscopic and microscopic changes in the liver and other organs were studied.
Survival with treatment at the lower concentration (25 p.p.m.) was good, but was poor on higher levels (50 or 100 p.p.m.).
Prolonged administration of DMN caused rabbit liver to become grossly cirrhotic.
Tumours of the liver-cell type developed in three animals given DMN 25 p.p.m. and in one given 50 p.p.m., the induction time on 50 p.p.m. was 23 weeks; metastases occurred in the lungs and a single kidney tumour developed.
The histological appearance of the tumours was similar to that of correspondingly-induced tumours observed in DMN-treated rats or guinea-pigs.
The results are discussed in relation to other studies of the effects of dialkylnitrosamines on the rabbit.
